A new inexpensive sorbent was prepared from the waste of polyurethane foam (PUF) which highly surface polarity and sorption capacity. PUF was modified by adding amino, chloro and hydroxyl groups to its matrix. The polyamine polyhydroxy polyurethane chloride (PPPC) was characterized by using elemental analysis (EA), bulk conductivity (BC,σ), infrared/ultraviolet/visible spectra (IR/UV/Vis), pH point zero charge (pH ZCP ), thermal analysis (TGA/DTA/DSC), scanning electron microscope (SEM) and X-ray diffraction (XRD). The PPPC owned improved stability in acidic/alkaline solutions and organic solvents. The pH ZPC of PPPC was 5.1 and the maximum values of ∆pH of PPPC are + 1.5 and -3.8 at pH 3.2 and pH 8.3. The σ of PPPC was 2.6×10 -5 Ω -1 m -1
Introduction
Water pollution has become a severe worldwide problem which represents a serious risk for human health. Water resources contamination like heavy metals increases with time due to overpopulation, industrial renaissance and geological processes. Most compounds of heavy metals e.g. mercury, cadmium, lead, chromium, arsenic, zinc, copper, nickel, cobalt is non-biodegradable and causing organs damage [1] [2] [3] . Lead is very important elements in body metabolism at limited concentration, but, at over limit concentration it can be toxic and can cause bad effects to many biological and biochemical processes [4] [5] [6] . The heavy metals which directed to water resources may produce from industrial wastewater such as batteries, refining ores, alloy, electronics and electroplating. Because of heavy metals hazardous effects, even small concentrations of heavy metals can make human and environmental health risk. So, the removal of heavy metals from aqueous solutions is a very importance issue [7] [8] [9] . There are many methods for removing heavy metals as ion exchange, nanofiltration, precipitation, reverse osmosis and adsorption but among these methods solid phase extraction is still favorite one due to low cost, simplicity and potential for overcoming the environmental problems [10] [11] [12] . Polyurethane foam is one of the most important polymers materials, which has unique properties make it use in various fields [13, 14] . Polyurethane foam materials are used widely, inevitably leading to a large number of polyurethane foam wastes production [15] . Worldwide, more and more attention is being focused on polyurethane recycling due to on-going changes in both regulatory and environmental issues.
Increasing landfill costs and decreasing land-fill space is forcing consideration of alternative options for the disposal of polyurethane materials. Polyurethane is successfully recycled from a variety of consumer products, including: appliances, automobiles, bedding, carpet cushion, upholstered furniture [16] . PUF is a suitable sorbent that has been used for the solid phase extraction of both metal ions and organic compounds from different environmental samples. The importance of PUF as a sorbent is due to its low cost, sorption capacity, handling, and storage [17, 18] . Also, polyurethane has advantages more than any other sorbent as PUF can directly use without previous treatment, a lot of chelating agents and liquid ion exchangers have been immobilized on it beside the number of possible sorption mechanisms can happen [19] . Polyurethane is a good material because of its high stability not only in acidic and basic media but also in organic solvents [20] . It was widely employed in different forms, as composite, incorporated, immobilized or coupled with many ligands. The high density of PUF/ligand is problematic since it decreases the sorption capacity of PUF and consequently lowers its extraction rate of metal ions. This problem demands the preparation of low density PUF with high polarity and high sorption capacity; this would be achieved by the replacement of the surface isocyanate groups by new chelating groups. Polyhydroxy polyurethane foam (PPF) is one of the PUF derivatives and can be prepared easily from the low-density PUF [21, 22] . The PPF has low-density, high sorption capacity, low cost and has the ability to be recycled many times without a significant decrease in its sorption capacity. PPF was successfully employed for the selective removal of many metal ions from aqueous solutions [23] . Thus, this research article is focused on: (i) developing new polyurethane by the addition of amino and chloro groups to PPF matrix. Based on the improvement of the surface properties, offered by the increase of its polarity, we examined the ability of PPPC sorbents to be recycled many times without any significant decrease in their capacities. (ii) Studying of sorption kinetics, thermodynamics and other sorption parameters of iron, lead and zinc metal ions from the aqueous medium. (iii) Applicability of modified sorbent to remove iron, lead and zinc ions from wastewater.
Experimental

Apparatus
Measurements of the studied heavy metal ions were carried out using flame atomic absorption spectrophotometer (FASS) AA240FS (Varian, Australia). UV-Vis spectra of PPPC were performed on a JASCO (V-630 UV-VIS spectrophotometer, Japan). The pH measurements were carried out using a symphony pH-meter (USA) provided with a glass electrode. SEM was carried out using JEOL model JSM-6510LV apparatus, manufactured in USA. IR spectra were carried out using KBr disc on a JASCO FTIR-410 spectrometer in the 4000-400 cm -1 regions. The XRD patterns of the PPPC was recorded by X-ray diffractometer (Brucker D8 model) using anode Material Cu Kα radiation (l = 1.5406 Å) at a generator voltage of 40 kV and a generator current of 40 mA. Thermal gravimetric analysis and differential scanning calorimetry [TGA-DSC] analysis were carried out using a simultaneous DSC-TGA device model (SDTQ 600, USA) under N 2 atmosphere with a heating rate of 10°C min -1 .
Reagents and materials
Chemical treatment of polyurethane foam (CT-PUF): The flexible polyurethane foam wastes in different densities (PUF) were cut to small pieces and soaked in 2 mol/L of HCl for 24 h to remove dust and other impurities. The PUF pieces were boiled in HCl (3 mol/L) at 2 h to reduce the nitrous groups and also to liberate the free amino groups. The CT-PUF were washed with distilled water and dried in air followed by ground in a food-processing blender.
Polyamine polyhydroxy polyurethane chloride (PPPC): 10 g of CT-PUF were kept in HCl (0.1 mol/L) in an ice bath then diazotized with 50 mL of NaNO 2 (2 mol/L) to form PUF-N 2 + Cl -salt. To replace the azo groups by hydroxyl groups; the product was boiled with distilled water. The PPF was boiled with 2 mol/L HCl then diazotized by adding 50 mL of NaNO 2 (2 mol/L) followed by added 50 mL of CuCl solution (0.3 mol/L). PPPC material was washed with distilled water followed by acetone and finally air-dried.
Stock solution (1000 ± 2 mg/L) of the Pb(II) was prepared by dissolving appropriate amounts of Pb(NO 3 ) 2 (Merck, Germany) in bidistilled water containing 1 mL concentrated HNO 3 . A series of 25 mL for metal standard solutions (0-3 mg/L) was used for the preparation of the calibration curve.
Recommended procedures
Parameters such as pH, contact time, initial metal ions concentration and temperature for adsorption of Pb(II) was carried out by using batch experimental. A series of 100 mL conical flasks containing 25 mL of Pb(II) solution of known pH, concentration was shaken with 0.1 g of PPPC (pH of the solutions was adjusted using 0.1 mol/L CH 3 COOH/ NaOH). Blank solutions were run under the same conditions except for the addition of PPPC. After 1 h, the solution samples were filtered and the concentration of the remaining and the recovered from the PPPC was estimated using FASS. The percentage of removing metal ions (%E) and the capacity of PPPC (Q) were calculated by the following equations:
In dynamic experiments, 1.0 g portion of PPPC was packed into a column (15-cm long, 1.5 cm in diameter and L = 8 cm) then 25 mL of Pb(II) solution (1 mg/L) was passed through the PPPC column at a flow rate of 2 mL/min then the Pb(II) ions was eluted using 0.05 mol/L CH 3 COOH. Effluents and eluted Pb(II) ions from the PPPC column were determined by FASS.
Results and discussion
Characterization of PPPC
FTIR spectra of PUF, PPF and PPPC were recorded in the region between 400 and 4000 cm -1 (Fig. 1) . The stretching vibrations band absorb at 3220 cm -1 in the PUF spectrum was shifted to 3255.3 cm -1 then to 3322.7 cm -1 in PPF and PPPC, respectively. This shifted of the band in the spectra of PPF and PPPC is due to adding of OH group. The new stretching vibrations bands at 403, 449 and 514 cm -1 assigned to C-Cl group have appeared in the PPPC spectrum. The spectrum of PPPC revealed that the broadband was observed at 3083-3683 cm −1 and also several stretching and bending vibrations bands at 2930, 2858, 1714, 1600, 1565, 1517, 1367, 1214 1079 and 682 cm −1 . This result showed that the PPPC contains several active groups e.g. N-H, O-H, C-H Ar , C-H Al , C=O, C=C, C-O-C and C-Cl groups. The υ (OH) of the PPPC at 3322.7 cm -1 was shifted to 3265 cm -1 after the sorption of Pb(II) ions. This may point to the role of the phenolic -OH group of the PPPC on the sorption process. In addition, the new bands were developed at 437 and 478 cm −1 (C-M group), indicating the reaction of PPPC with these metal ions forming PPPC: Pb(II).
The amino, chloro, and phenolic groups presence in PPPC were chemically detected using NaNO 2 /β-naphthol; Na metal/AgNO 3 and FeCl 3 /HCl solutions. The formation of an orange-red azo dye, white precipitate or violet color indicated the presence of amino, chloro, and phenolic groups. The phenolic sites in PPPC were estimated by back titrated with 0.05 mol/L of NaOH/HCl; the determined phenolic sites of PPC are 0.4 mmol OH/g.
The electronic spectra of PUF, PPF, and PPPC were recorded using Nujol mulls method (Fig. 2) . The UV spectrum of PUF shows that the band has appeared between 200 and 204 nm assigned to the π-π* transitions localized on the conjugated system (Fig. 3) . The spectrum of PPF contains broadband from 200 to 230 nm due to the inner bonding of OH groups and peak at 382 nm due to n-π*. While the PPPC spectrum contains many sharp peaks at 204, 206, 213, 219, 224, 226, 232 and 236 nm due the several functional groups of PPPC has π-π* transition. Also, PPPC contains many sharp peaks at 329, 331, 336, 343, 346, 351, 356, 365, 373, 375 and 379 nm are due to n-π* transition (Fig. 3) . The higher energy peaks PPPC from 204 nm to 236 nm are assigned to the intra ligand transitions (π-π*) that are localized on the conjugated system and are consumed by complexation with Pb(II) ions.
The lower energy peaks of PPPC from 329 nm to 379 nm are red-shifted to bands at 348-392 nm after the sorption of Pb(II) ions. The lower energy peaks of PPPC are assigned to n-π* transition of the OH, NH and C=O chromophores that overlapped with the charge-transfer (CT) transitions within the molecule. The results showed that the shifted of spectral bands of PPPC are due to the reaction with Pb(II) ions. From the results of the electronic and infrared spectra of the PPPC before and after Pb(II) sorption, we suggest that the sorption of lead(II) ions on PPPC occurs principally according to chelation mechanism via the coordination of amino, chloro, phenolic and carbonyl groups with Pb(II) ions.
The surfaces properties of PUF, PPF and PPPC were confirmed by XRD pattern; broad diffraction bands are observed at 19.25, 19.65 and 21.25° with the halo from 4 to 80º (Fig. 3) . These broad bands confirmed that PUF, PPF, and PPPC surfaces are the amorphous structure which usually observed for the PUF matrix. XRD diffraction pattern of PPPC has some intense peaks (16.59°, 32.89°, 40.21°, 50.58°, and 54.08°) compared to PUF and PPF, which show some degree of crystallinity in PPPC structure (Trovati et al., 2010). The observed XDR pattern for the PPPC indicates that the substitution of amino, chloro, and hydroxyl groups into PPPC caused a phase change from completely amorphous phase to the phase crystalline polymer. The spacing between diffracting planes of PPPC was calculated by using Bragg's law: 2d sinθ = nλ where d is the spacing between diffracting planes, θ is the incident angle, n is an integer, and λ The values of pH PZC of sorbents are mainly depending on the matrix structure and the terminal groups. The pH PZC values for PUF, PPF and PPPC are 1-7.5, 5-7.4 and 5.1, respectively (Fig. 4) . These values show that the surface of PPPC is highly affected by the solution medium. At pH value < 5.1, the surface of the PPPC would be positively charged while at pH value > 5.1, the surface of the PPC would be negatively charged. The ∆pH values of PPPC are +1.5 and -3.8 at pH 3.2 and pH 8.3, respectively (Fig. 5) . While the ∆pH values of PUF and PPF are between +0.15 and -0.6. The obtained results show that the net charge of PPPC is greater than that of PUF and PPF, indicating the high polarity of PPPC compared with PUF and PPF due to chloride atoms in its structure. The removal of Pb(II) ions from aqueous using PPPC has been examined at different pH by batch technique. The maximum removal percentages (92-100%) of Pb(II) ions occurred at pH range 3-7. This result shows that the removal process mainly depends on the electrostatic attractive forces between the metal ions (Pb ; this shows that the polarity of PPPC surface was increased with pH.
The cation exchange capacity of PPPC was evaluated using methylene blue index (MBI) process [24] . The estimated cation exchange capacity of PPPC is 0.91 mmol/g (292 mg/g). PPPC exhibits better cation capacity than other sorbents e.g. Picacarb, Filtrasorb, activated carbon, coal, commercial activated carbon, bituminous coal, charcoal, activated carbon prepared from durian shell, coconut shell activated carbon, oil palm fiber-based activated carbon, olive-seed waste residue-based activated carbon, activated carbon prepared from oil palm shell [25] . Fig. 5 shows that the surface morphology of PPPC at magnifications 100×, 800×, 6000×, and 12000×. The images 5a and 5b reveal that the surface of PPPC has many spaces which are irregular in shapes, size and distribution. While the images 5c and 5d show that the PPPC surface is relatively smooth which contain many pores. These spaces and pores of PPPC would make the developed sorbent. The sorption of Pb(II) ions on the surface of PPPC was assessed by the SEM at different magnifications (150, 500, 2500 and 5000, Figs. 5E-5H). Detailed analysis of the PPPC material surface shows a deposited layer of Pb(II) ions on the surface of the PPPC and also deposited inside the spaces and holes of PPPC.
The elemental analysis (EA) of PUF, PPF, and PPPC revealed that the C, H, N, and O percentage are in the following: PUF (C: 64.7, H: 7.8, N: 7.9, O: 18.6), PPF (C: 64.3, H: 7.7, N: 7.7, O: 19.2 and PPPC (C: 62.4, H: 9.5, N: 7.5, O+Cl: 20.4). The result obtained shows that the carbon and nitrogen percentages of PPPC are lower than those of the PUF and PPF. While the hydrogen and oxygen percentages are higher than that of the PUF and PPF. These results would be due to the partial hydrolysis of urethane groups of PUF and introducing of amino, chloro, and hydroxyl groups onto the matrix and surface of PUF.
Thermal properties of PUF, PPF and PPPC were evaluated using thermogravimetric analysis (TGA), differential thermal analysis (DTA) and differential scanning calorimetry (DSC). The TGA measurements were made under a nitrogen atmosphere at a heating rate of 10°C/min from 29 to1000°C. The thermal decomposition of PUF took place at 207.1-400°C with a weight loss of 34.1 and 55.7 at the temperature ranges of 207-302 and 302-400°C, respectively [23] . While the TGA curve of PPF showed that the thermal degradation occurs through four steps at a temperature of 35-236, 237-285, 286-343 and 344-396°C with a weight loss of 0.03, 25 9, 11.9 and 61.7 [23] . On the other hand, the TGA curve of PPPC showed a smooth stepwise manner containing three steps of thermal degradation (Fig. 6A) . The thermal decomposition of PPPC begins from 216ºC to 474ºC through five steps at the temperature ranges of 216-241, 242-292 and 293-474ºC with a weight loss of 12.8, 29.0 and 58.2%. It may be suggested that the PUF and PPF matrix are fully decomposed at 400°C while the PPPC complete decomposition temperature at 474ºC indicates the presence of the -NH 2 , -OH and -Cl groups increased the thermal stability of the composite.
The DSC and DTA curves for PUF and PPF showed two endothermic peaks at 288.5 and 356.8ºC and 275 and 376°C [23] . While two endothermic peaks were observed for PPPC in the DTA and DSC curves at 275 and 383°C ( Fig.  6B) with enthalpy values are 148 and 60 J/g. This result shows that the PPPC matrix is relatively similar to the PPF matrix.
Kinetic studies
The time required for complete sorption of the Pb(II) ions (4 μg/L) using was 30 min. It was noticed that the initial extraction rate of Pb(II) ions is very fast, where 60% of the total Pb(II) ions concentration was removal from the tested solutions at the first 1 min. Then the rate slowed down progressively with time and the equilibrium extraction is reached within a period of 30 min.
The diffusion rates of Pb(II) ions onto PPPC were estimated using Bangham (1), Weber-Morris (2) and Reichenberg (3) equations. Where k i (g/mmol min 1/2 ) is the intra particle diffusion rate coefficient, the B t value is a mathematical function of F = Q t /Q e . D i is the effective diffusion coefficient, and α and k O are constant. Q e and Q t (mmol/g) are the sorption capacity at equilibrium and after time t (min). 
The double logarithmic plots of Bangham equation with the time yield correlation values for removal of Pb(II) ions are 0.75, 0.94 and 0.51, respectively (Table 1 ). This result is showing that the diffusion of Pb(II) ions into the PPPC matrix is involved in the rate controlling step. The values α was 0.08.
The plot of t 1/2 vs. Q which gives a straight line (R 2 = 0.95), represent the intra particle diffusion model given by Morris and Weber (Eq. (2)). The particle diffusion rates (k i ) values for removing of Pb(II) ions using PPPC was 0.006 mmol g -1 min -1/2
. When intra particle diffusion occurs, the plot will be linear and pass through the origin and then the intra particle diffusion is a controlling step. Since the intra particle plot do not pass through the origin and relatively poor relations coefficients (R 2 ), the intra particle diffusion is not sol determining step.
The correlation values for the relation of t vs. Bt are 0.95 for the removal of Pb(II) ions. This indicates that the good relationship between t and Bt. Values of the effective diffusion coefficient are estimated from the plots of F vs. t 1/2 . The values of D i of the metal ions sorption was 0.05 cm 2 min -1 . This value shows that Reichenberg equation is the best model for the description of the diffusion mechanism.
The pseudo first order (4) and pseudo second order (5) kinetic models were applied to estimate the sorption rate of Pb(II) ions onto PPPC (Table 2) . Where k 1 (min -1 ) and k 2 (g / mmol min) are the pseudo-first and pseudo-second order rate constant. The value of R 2 for pseudo first order sorption model 0.960 is lower than the value of R 2 for pseudo second order 0.996 this suggests that the pseudo second order adsorption mechanism is predominant and confirms the chemisorption of Pb(II) ions onto PPPC [26] . The initial rate constant ( 
Thermodynamic examination
The effect of temperature (25-75°C) on the extraction of Pb(II) ions onto PPPC was studied ( Table 3 ). The maximum extraction percentages of these metal ions were observed at low temperature; the extraction was decreased with increasing of the temperature. The thermodynamic parameters (∆H, ∆S, and ∆G) were estimated using the following equations:
where K c is the distribution coefficient, T is the temperature (K) and R is gas constant. The value of ΔΗ for the sorption Pb(II) ions was -22.9 kJ/mol; the extraction process is exothermic in nature. ΔЅ are -65.5 J/K mol; the negative sign of ΔS for the sorption of Pb(II) ions suggests the decrease in disorder at the solid/solution interface during the sorption process. ΔG was -3.5 kJ/mol; this value shows the spontaneous nature of the removal of the Pb(II) ions using PPPC, revealed by the negative sign of ΔG.
Equilibrium observation
The amounts of Pb(II) ions onto one gram of PPPC (Q c ) were estimated at different of Pb(II) concentrations (Table 4 The equilibrium data were analyzed using Langmuir (7) and Freundlich (8) models to explain the removal mechanism of the Pb(II) ions onto the PPPC surface. Where Q e (mmol/g) is the adsorbed amount of metal ions at equi- precision and accuracy of the proposed method. The estimated detection limits (LOD, n = 7) for determination of Pb(II) ions was 2.9 μg/L, this gives good precision.
Application
The validity and accuracy for the detected, estimated and removal of Pb(II) ions from water samples were successfully assessed by PPPC sorbent.
The proposed column method was applied for the addition/recovery of 25 μg of lead ions of the Pb(II) ions in Nile river water (Mansoura City), tap water (Met Khameis Plant), water well (Aga City) and wastewater (Omer Bak) samples. A 100 mL aliquot of water samples were spiked with 25 μg of the metal ions and adjusted to the optimum pH (pH 5-7). The samples were allowed to pass through the PPPC column at a flow rate of 2 mL/min and then desorbed by 0.5 mol/L CH 3 COOH solution. Effluents and eluted Pb(II) ions from the PPPC column were determined by FASS. The results are given in Table 7 . The removal percentages of Pb(II) from the water samples using PPPC were 99-105%. The relative standard deviation (RSD) value was 2.49% (Table 7) . It shows that the PPPC column could be applied for the determination of lead ions from the different water samples.
Removal of Pb(II) from different volumes of tap water was investigated. Solutions of 10 μg of Pb(II) ions in 25-100 mL of water samples were shacked 30 min with 0.1 g of PPPC. The recovery of the Pb(II) from the PPPC was carried out by 10 mL of 0.5 M CH 3 COOH then the eluates were determined. The results show that the removal percentages are 98-100% with preconcentration factors 250-1000 (RSD= 2.54%, n = 4).
Conclusion
The present work is concerned with the preparation of new sorbent (PPPC) containing hydroxyl group and chlorine atoms. The PPPC was used for removal of Pb(II) ions from the wastewater. The removal process is depends on polarity of PPPC. The maximum removal percentages of Pb(II) ions occurred at pH ranges 3-7. The kinetic data showed that the removal rates of these metal ions using PPPC sorbent are very rapid. The negative values of ∆G and ∆H indicated that the removal process is spontaneous and exothermic nature. This study could conclude that PPPC has the ability to extract and recovery Pb(II) ions from different real water samples. 
The Langmuir model plot (C e vs. C e /Q c ) is a bad linear relationship which is confirmed by the values of the correlation coefficients (Table 5 , R 2 = 0.77). While the relationship of log C e vs. log Q due to Freundlich isotherm model is a good correlation (R 2 = 0.96). The Freundlich constant (1/n) was 0.8 for sorbed Pb(II) ions. The values of 1/n are <1, which may be attributed to the heterogeneous surface structure of the PPPC with a non-uniform distribution of heat sorption over the surface. The value of n was 1.3, indicating that the extraction of Pb(II) ions was favorable [27] .
Dynamic investigation
The flow rate of Pb(II) solutions through the PPPC column was examined to get the appropriate time of analysis. The maximum extraction percentages (100%) of these metal ions onto the PPPC column were observed at 0.5-5 mL/ min. Then the extraction percentages were decreased from 100% to 95% with an increasing flow rate from 5 to 20 mL min -1 . The effect of various eluting agents (0.05 mol/L of CH 3 COOH, HCl, H 2 SO 4 , NaOH and NH 4 OH) on the recovery of Pb(II) ions from PPPC column was tested. The results show that the Pb(II) ions were completely stripping (99.2%) with 6 mL of 0.5 M CH 3 COOH.
Accuracy and precision
The accuracy and precision for the extraction and recovery of the Pb(II) ions using PPPC were estimated ( Table 6 ). The recovery percentage of Pb(II) ions is 98.8%. Also, the relative standard deviation (RSD%) for analysis seven samples replicates of these metal ions is 2.82%, indicate a good 
